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ABSTRACT 
An accelerated, improved synthetic strategy for the rapid construction of a series 
of polyether-based dendritic fragments was described. Several modifications to the 
original method for the preparation of these dendritic fragments were detailed. A new 
branching agent, 5-(3-hydroxypropoxy)-1,3-resorcinol 32，instead of 5-benzyloxy-l,3-
resorcinol 30 utilized in our previous synthetic routine, was employed in this new 
synthetic protocol. By using only two synthetic operations in each of the iterative cycle, 
a series of dendritic molecules were prepared from the zeroth to the third generations. 
The first operation was the bis-0-alkylation of the branching juncture 32 with a 
dendritic bromide [Gn]-O(CH2)3Br to give a dendritic alcohol of the next generation 
[G(n+l)]-O(CH2)3OH. The second operation was a functional group transformation of 
the dendritic alcohol [G(n+l)]-O(CH2)3OH into the corresponding dendritic bromide 
:G(n+l)]-O(CH2)3Br of the same generation. The dendritic alcohols and bromides 
were fully characterized by ^H-NMR spectroscopy, ^^C-NMR spectroscopy, mass 
spectrometry as well as elemental analysis. 
The dendritic fragments prepared above were used to construct electrochemicaIly 
active dendrimers containing multiple redox centers. Such macromolecular assembly 
could be used to investigate the effect of electron relays on the redox behavior of 
metallodendrimers. A synthetic attempt towards the synthesis of redox active spacer 
molecules for use in the construction of such dendrimers was discussed. The 







狀漠化物 [Gn] -O(CHy3Br與支化單无32遑行雙燒基化反應‘生成下一世代之 
樹枝狀西酵類化合物 [G(n+l)]-0(CH2h0H。第二步則是把樹枝狀兩醇類化合物 
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CHAPTER I. &4TRODUCTION 
1. General background of synthetic chemistry in dendrimers 
Dendrimers are macromolecular structures having multiple branching pattem 
throughout the polymer network.^ Depending on the nature of their constitutional 
functionalities, dendritic architecture may possess unique chemical and physical 
properties which enable them to function as molecular antennaSi^ ight harvesting 
devices,2 size-selective molecular encapsulators,3 substrate selective catalysts,4 
components for self-assembled supramolecular systems,^  molecular magnets,6 
biologically active? and electrochemically active materials.^ In general, these dendritic 
superstructures are constructed by appending one or several dendrimer fragments to the 
relevant functional units. To facilitate the preparation of such new architectures, 
methods for the synthesis of dendritic fragments that contain a specific functional group 
at its focal point andy^ or at its periphery are required. 
In the past decade, one of the most important breakthroughs in dendrimer 
chemistry was the development of novel synthetic methodologies which enabled explicit 
control of the architecture. Today, a number of sophisticated synthetic armories are 
available to us for exerting complete control over the size and shape of a dendrimer as 
weU as its molecular cavities by varying the nature of the dendritic branch and the 
branching juncture, and on the surface properties by proper selection of the peripheral 
functionality. On the other hand, one-step preparations of dendritic molecules based on 
polymerization of [(5^)^*¾ type monomers are also known. Although synthetically 
these approaches are much more efficient and less time consuming, they invariably 
produce dendrimers of high polydispersity and with substantial skeletal defects.9 
Hence, structurally perfect dendrimers with high purity and narrow polydispersity are 
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usually prepared under controlled polymerization conditions using iterative synthetic 
procedures. 
1.1 Divergent methods 
The divergent synthetic approach was blossomed during the period between the 
late seventies and the early eighties with key contributions from V5gtle,l0 
DenkewaIter,ll TomaHal2 and Newkome.l3 xhe principle of this method involves 
growth from a central core, whereas branching is encouraged via a series of repetitive 
coupling and activation steps which multiply the number of branches. This method is 
characterized by a rapid increase in the number of reactive moieties at the periphery of 
the growing macromolecule. Thus, the construction of the dendrimer is from the central 
core to the periphery. 
The initial central core contains multiple copies of reactive functionalities [fJ 
which react with an excess of a bifunctional monomer [fc*ffpfe]14 to give the first 
generation (G1) dendrimer (Figure 1). Actually, only one of the functionalities [f^] can 
form a linkage to [fJ while the other protected functional moiety [fp] remains intact 
under the coupling conditions. The end-groups of the first generation dendrimer, [fp], 
can be activated into the reactive group [fJ for further coupling reaction with additional 
monomers to give the G2 dendrimer. Iteration of these processes results in rapid 
geometric growth in the number of surface groups while the radius of the dendrimer 
increases in an arithmetic fashion. As a result, a self-limiting size (generation) wiU 
occur for any dendrimer series once the surface groups are too congested for further 
growth without creating structural defects. 
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Since the number of terminal functionalities increases sharply with each 
generation, incomplete reaction of all of the terminal groups is a potential problem, and 
consequently, the occurrence of structural defects, especially for higher generation 
dendrimers, is virtuaUy inevitable. Moreover, the large excess of reagents which are 
required to force the reaction to completion may lead to difficulties in product 
purification. Nevertheless, the divergent method is the most efficient and rapid 
procedure to construct dendrimers of high generation. Because it is impossible to 
accomplish selective conversion of only one or several of the reactive surface moieties 
;y , the divergent procedure does not allow for the selective functionalization of the 
surface sector partially. Examples of dendrimers prepared by this approach are the 
polyamidoamine (PAMAM),12 polyamide,15 poly(trimethyleneimine)^'^^ and 
organosilanel7 dendrimers. 
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Figure 1. Divergent synthetic strategy of dendrimers 
1.2 Convergent Methods 
The alternative convergent approach toward dendrimer synthesis was developed 
individually by Fr6chetl8 and Miller.l9 The synthesis begins at what wiH ultimately 
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become the peripheral sectors of the dendrimers and propagates toward the central core. 
This involves an iterative coupling of branching fragments to produce a focal point 
functionalized dendritic sector followed by a divergent core anchoring step to produce 
the target dendrimer. 
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Figure 2. Convergent synthetic strategy of dendrimer 
In the convergent synthetic strategy, each successive generation is synthesized in 
stepwise fashion to produce a new dendritic fragment in which a single reactive moiety 
[fr] located at the focal point of all branches is used for further growth (Figure 2). The 
surface functionality [A], is connected to the branching bifunctional monomer [(fc)2*fp] 
to form a dendritic wedge [(A)2*fp] containing two surface moieties. Upon activation 
([fp]~>[fr])，the reactive dendritic fragment [(A)2*fr] is then coupled to additional 
branching monomers to give a dendritic wedge of higher generation [(A)2x2*fp]- These 
dendritic wedges can be individually anchored to a central core [(fJ4p0 giving 
dendrimers of different generations. In contrast to the divergent approach, the low 
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number of possible side reactions and the readily controllable number of reactive groups 
required for generation growth allow the synthesis of monodispersed dendritic 
molecules with a high degree of control. However, the convergent approach may suffer 
from steric inhibition at the focal point [fJ, particularly for the higher generation 
dendritic wedges. Examples of dendrimer synthesis employing this strategy are the 
polyether，18 polyester,l^ and the phenyleneacetylenic^^ dendrimers. Because this 
approach has a high degree of control over number and placement of functional groups 
at the periphery as weU as in the interior regions of the dendritic macromolecule, novel 
types of dendritic layer-block and segment-block copolymers^^ as weU as specific 
surface-functionaIized dendrimers23 can now be prepared in straightforward fashion 
(Figure 3). 
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Figure 3. Convergent synthetic strategy for a block co-dendrimer 
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2. Accelerated approaches 
The convergent and divergent growth approaches described above involved 
stepwise and tedious operations and purifications. To assist the progress of the 
preparation of higher molecular weight dendrimers of narrow dispersity in large 
quantities, alternative accelerated synthetic strategies which can speed up the preparative 
procedure and simplify the purification process have evolved.24 
2.1 Double-stage hypercore convergent growth 
This approach, initially coined by Frechet as double-stage convergent growth,^ 
allowed the rapid preparation of higher generation monodispersed dendrimers. The key 
feature of this process involved the anchoring of small dendritic wedges onto a 
hyperbranched dendritic core (“hypercore，，）which carries a large number of reactive 
surface functional group [fg] at its numerous termini. This hypercore, in tum, was 
prepared by a convergent growth protocol. 
The working assumption of this technique is that the surface functionality of the 
hypercore is less sterically hindered than those of a simple non-dendritic core molecule 
used in the conventional convergent methodology. This is primarily due to the 
segregation of the reactive functionalities by the side branches, thus providing ample 
spacing between the reactive groups at each chain end for efficient coupling. 
Two monomers [(fc)2*fp] and [(fp02*^ utilizing two protective groups [fp] and 
[fp.] are required in this strategy. (Figure 4) The second monomer [(fp.)2.fr] can be 
prepared by the coupling of two molecules of [fp-fJ to one equivalent of [(fc)2*fpJ via 
the reactive functional groups [f^] and [fJ, followed by chemoselective functional group 
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activation ([fp]—K]). The masked monomer [(fp,)2.fr]' upon coupling to (¾¾*¾], 
followed by activation and subsequent anchoring to a central core [(fJ3], can then be 
transformed to a symmetrical hypercore [(fpO2x2x3] containing a large number of end 
groups [fp-]. This hypercore, after activation of the protected end groups to the reactive 
functionality [fJ, can then be coupled to dendritic wedges of different generations (e.g. 
[(fp-)4*fr]) to give dendrimers of higher generations. 
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Figure 4. The double-stage convergent synthetic strategy of dendrimer formation 
A slight variation of this synthetic theme has recently been described by Moore，26 
and is known as the double exponential dendrimer growth process. In this strategy, a 
series of hydrocarbon dendrimers were synthesized. This process began with a 
trifunctional monomer ofthe type [fp*(fp')2] 1 (Figure 5) and involved the repetitive use 
of a set of three reactions: a) selective deprotection of [fp] to [f^] to give 2 in one 
condition, b) selective deprotection of [fp,] to [fJ to give 3 in another reaction condition 
and c) subsequent coupling of the two monoprotected intermediates 2 and 3 in a proper 
stoichiometric ratio. The first generation dendron 4 was obtained by coupling the 
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monoprotected derivatives of 2 and 3 in a 2:1 ratio. Monodendron 4 has the types of 
functional groups identical to the monomer 1 except that the number of peripheral [fp( 
groups are doubled. 
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Figure 5. Double exponential dendrimer growth 
Repeating this process in a 4:1 ratio from 5 and 6 provided the second generation 
dendron 7 with now 16 peripheral [fp,] groups. Using this strategy, a G7 (255-mer) 
phenylacetylene dendritic fragment of 40 kDa could be prepared in 9 steps, while the 
conventional convergent growth scheme would require 15 synthetic operations. 
Although such strategy is significantly accelerated relative to the aforementioned 
dendrimer synthetic methods. A pair of orthogonal protecting groups is required and 
dendrimer generations that can be realized without creating steric crowding is very low. 
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2.2 Branched monomer approach 
In 1994，Frechet disclosed the use of hyperbranched fragments as monomers for 
the rapid synthesis of higher generation dendrimers.27 Conceptually, the simplest 
repeating unit or "fractal component" used in the convergent growth process is 
replaced by a larger fractal component of the next generation (Figure 6). Therefore 
instead of a classical [(fc)2*fp] monomer (e.g. 8)，a larger [(fc)4*fp] monomer of the next 
generation {e.g. 9) could be employed. Use of the larger monomer preserves the 
convergent-growth concept with a single reactive group at the focal point while 
maintaining the branching pattem and flexibility of the final dendrimer, and reducing the 
number of steps required to reach higher generations. However, due to the difficulty in 
the synthesis of the branched monomer 9, an alternative branched monomer 10 was 
utilized to demonstrate the feasibility of this approach (Scheme 1). Li the end, the 
dendrimers obtained in this particular example possessed a layer-blocked architecture. 
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crown-6, acetone, reflux, 24 h. 
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By proper selection of a protective group and modification of the coupling 
condition, L'abbe reported the preparation of two dendritic wedges of [(fc)4*fp] 17 and 
:(f"c)8.fp] 19 type (Scheme 2).28 Using these building blocks several dendritic wedges 
of higher generations were constructed (Scheme 3). Hence the success of this branched 
monomer approach is dependent on the proper choice of the protective group and the 
coupling chemistry. 
2.3 Two monomer approach 
This method, also known as the two-step approach29 or the orthogonal coupling 
strategy,30 was again pioneered by Frechet. In contrast to the other approaches, this 
method utilizes two different monomers [(fc)2*fr'] ^ d [(fci)2.fr] with a set of orthogonal 
functionalities which react with each other in a specific and selective manner (Figure 7). 
Thus functionality [fj.] can only be coupled to [f。] and [f^.] can only react with [ f J . On 
the other hand, neither [f^-] nor [f^-] reacts with functionality [f^]. The advantage of this 
approach is that both protection and deprotection reactions are eliminated and this 
greatly simplifies the synthetic operations. However, since the chemical linkages 
between alternative layers are different, the resulting dendrimer therefore has a layered-
block architecture. 
^ . : : 卜 ^ ;>'^  > i y :卜 > i f ^ 
t>-fr V-V [ f r h V r Wfr 
coupling < coupUng ^ ^ ^ ^ coupling C>~y^"^ coupling ^ V _ _ i 
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Figure 7. Two monomer approach 
Zimmerman recently demonstrated the supreme effectiveness of dendrimer 
construction by combining the branched monomer and two monomer approaches.30 
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Hence, the two branched monomers 22 and 23 were used to construct a G6 dendrimer 
21 by three steps and in 34% yield from 22 and 23. 
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Yu recent described the synthesis of a class of poly(phenylenevinylene) 
dendrimers that was homogenous in chemical constituents via the orthogonal 
approach.3l Two different reactions condition, the Heck and Homer-Wadsworth-
Emmons reactions, were alternatively utilized to construct dendritic molecules bearing 
phenylenevinylene linkages (Scheme 4). Two [(fc)2.fp] building molecules 25 and 27 
were employed as starting materials. The Homer-Wadsworth-Emmons reaction was 
used to coupling the aldehyde 27 with the phosphonate 25，while the Heck reaction was 
employed to link the aryl bromide 25 to the vinyl functionality in compound 27. Since 
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Scheme 4. Reagents: i, NaH, NMP; ii, Pd(Ac)2, N(nBu)4Br, K2CO3. 
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Since dendrimer synthetic chemistry always involves iterative coupling and 
protection-deprotection chemistry, the accelerated approaches described above can 
successfully reduce the steps required either in the coupling procedures or in the 
protection-deprotection chemistry. Li reality, additional synthetic operations are needed 
for the preparation of either the branched monomer or the "hypercore". Therefore the 
effectiveness of reduction in steps can only be realized if the dendrimer prepared is of a 
much higher generation. For the case of lower generation dendrimer, the number of 
reduction in synthetic operation is little. Nevertheless, the preparation of high 
generation dendrimers is still suffered from the same steric congestion problem as faced 
by the divergent approach. In addition, the selection and availability of the various 
functional protective groups are vital to the success and smooth operation of the 
accelerated approaches. For example, in the hypercore approach, two different 
protective groups have to be chosen for masking the surface sector of the hypercore and 
the focal point of the dendritic sector. Since during the building of the hypercore, the 
protected functionalities on the surface of the hypercore have to be remained intact 
under the deprotection conditions of the focal point functionality. Hence, the various 
accelerated approaches aforementioned could actually reduce the operation steps with 
� 15 
respect to the simple iterative construction of dendrimers. However, there are still rooms 
for further improvement in developing an effective accelerated synthetic strategy. 
Recently, our group had already reported a convergent construction of a series of 
redox and acidy^ase stable polyether-based dendritic fragments 29,^2 which bear a 
phenolic functionality at the focal point. This class of dendron are very useful building 
blocks for the construction of redox active metallodendrimers^^ and dendritic 
c a t a l y s t s . ^ 4 We required an efficient synthetic procedure for the rapid synthesis of 
these dendrimers in large scale for their further application. This thesis is focused on 
the development of an accelerated synthetic procedure for this class of dendritic 
molecules. 
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CHAPTER n . SYNTHESIS AND CHARACTERIZATION 
1. Structure of the dendritic fragments 
Our polyether dendritic sectors consist of four basic components: the handle, 
linker, branchingjuncture and surface group (Figure 8). The handle is an alkyl bromide 
moiety which serves as the reactive site for its attachment to various functional units. 
The linker is a three-carbon alkyl chain which is flexible and long enough for the 
construction of dendrons of higher generations. In practice, any long chain aDcyl 
groups can be chosen as the linking units to obtain dendritic sectors of different 
molecular dimensions. The branching juncture is a phloroglucinol unit which gives a 
branching multiplicity of three. The surface group selected is a 3,5-dimethylphenoxy 
moiety for its distinctive ^H-NMR signal characteristics. 
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Figure 8. Diagram showing the four basic components of the dendritic fragments 
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2. Synthesis of the dendritic fragments 
2.1 Synthetic Strategy 
In our previous synthetic strategy for the synthesis of polyether-based dendritic 
sectors, an iterative synthetic cycle involving three separate operations was used 
(Scheme 5):32b 
• Mono-0-alkylation of a dendritic phenol [Gn]-OH with l,3-dibromopropane to 
give a dendritic mono-bromide [Gn]-O(CH2)3Br. 
• Bis-0-alkylation of a branching agent, 5-benzyloxy-1,3-resorcinol 30 with the 
monobromide [Gn]-O(CH2)3Br to give a benzyl ether of the next higher generation 
[G(n+l)]-OBn. 
• Dismantling of the benzyl protecting group by catalytic hydrogenolysis to release 
a dendritic phenol [G(n+l)]-OH of a higher generation. 
i 
[Gn]-OH ^ [Gn]-O(CH2)3Br 
HO^^^^^OH 
ii K ^ 30 
OBn 
i i i 
[G(n+l) ]-OH [G(n+l)]-OBn 
Scheme 5. Reagents: i, Br(CH2)3Br, K2CO3, acetone; ii, K2CO3, acetone; i i i , H。’ Pd/C, 
EtOAc/EtOH. 
Although the original procedure offered a convenient entry to these dendritic 
polyethers, there were a number of minor problems we later encountered during their 
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large scale preparations. First, the reaction time taken for the catalytic hydrogenolysis 
became increasingly long as one progressed towards the preparation of the higher 
generation phenols [Gn]-OH. Second, a by-product which had very similar polarity to 
the dendritic phenol [Gn]-OH, was produced in a minor amount during the 
hydrogenolysis process. This by-product was later identified as a C-benzylated phenol 
31 which probably arised from an 0—C migration of the benzyl group (Scheme 6). 
Third, a bis-0-alkylation product [Gn]-O(CH2)3O-[Gn], is always produced as one of 
the side products during the coupling between the dendritic phenol [Gn]-OH and 1,3-
dibromopropane. Finally, 5-benzyloxy-1,3-resorcinol 30，35 the key branching 
compound used in our synthesis, could only be obtained in our hands in 20% overaU 
yield from phloroglucinol after column chromatographic separation. Although 
compound 30 is readily prepared in large quantities because it is only one step away 
from commercially available material, nonetheless, it is highly desirable to devise a new 
synthetic route which can obviate the necessity of repeated chromatographic separations. 
r ^ 
> ^ O v ^ ^ O v > ^ i V " " ^ 。 W 。 H r ^ V ^ O Y ^ O H 
^ I ^ I 乂 、 I + I ^ 
K^ ^^ Y^ ^^ X^^ 5^X^  ^Y^ 
> ^ J > ^ 0 > ^ o 
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S c h e m e 6. Reagents: i, H^，Pd/C, EtOAc/EtOH. 
In an attempt to eliminate the formation of these by-products and to speed up the 
synthetic operations, our original route needed to be modified. Instead of performing 
hydrogenolysis in each reaction cycle, we chose to make use of 5-(3-hydroxypropoxy)-
l,3-resorcinol 32 as an alternative branching agent (Scheme 7). In this new iterative 
sequence, a dendritic bromide [Gn]-O(CH2)3Br was reacted with the resorcinol 32 to 
give a dendritic alcohol of the next generation [G(n+1 )]-O(CH2)3OH. The free 
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hydroxy group was then converted into the corresponding dendritic bromide [G(n+1)]-
O(CH2)3Br by treatment with triphenylphosphine and carbon tetrabromide. It was 
noteworthy that the troublesome hydrogenolysis reaction was omitted from this new 
route which essentially eliminated the formation of the C-benzylated side-product. 
Furthermore, the formation of bis-0-alkylation side product [Gn]-O(CH2)3O-[Gn] 
could also be prevented. The new iterative reaction cycle now consisted of two synthetic 
operations, which should therefore simplify and improve the overall yield of the 
products, especially for those that required several reaction cycles to prepare. 
H O ^ ^ O H 
L J 32 




Scheme 7. Reagents: i, K2CO3, 18-crown-6, THF; ii, CBr4, PPh3, THF. 
2.2 Preparation ofthe branching juncture 5-(3-hydroxypropoxy)-l,3-resorcinol 32 
The new branching agent 5-(3-hydroxypropoxy)-1,3-resorcinol 32 was prepared 
according to Scheme 8. Commercially available phloroglucinol 33 was completely 0-
benzylated to give 1,3,5-tribenzyloxybenzene 34^6 in 59% yield as a solid. One of the 
benzyl groups in compound 34 was then selectively cleaved by ethane thiolate to give 
3,5-dibenzyloxyphenol 35.37 cieavage of the second and the third benzyl groups by the 
thiolate was retarded by the strong electron density associated with the anion of 35 
resulting from mono-debenzylation of 34. In this manner, the phenol 35 could be 
obtained very cleanly as a solid in 73% yield. The phenolic group was then alkylated 
2 0 
with 3-bromopropanol in the presence of potassium carbonate in acetone to give the 
alcohol 36 in 89% yield. Finally, hydrogenolysis of the two benzyl groups of 
compound 36 in the presence of hydrogen and 10% palladium on charcoal led to the 
desired branching agent 32. Compound 32 was then recrystallized once from 
EtOAcy^exane to remove other contaminants. The overaU yield of compound 32 from 
phloroglucinol 33 was 29% on a 20 g scale, which was better than that for 5-benzyloxy-
1,3-resorcinol 30. 
H O ^ ^ : j N ^ H B n O , ^ ^ r ^ O B n •• B n O ^ ^ ^ ^ s ^ B n 
y T I \ I n 
V V V 
OH OBn OH 
33 34 35 
H O > v ^ ^ ^ O H B n O , ^ ^ O B n 
lT iv I ... 
V ^ V ^ ~ ~ - — — 
0 ^ ^ / ^ 0 H 0 ^ ^ _ ^ < ^ s ^ O H 
32 36 
Scheme 8. Reagents: i, BnBr, K2CO3, DMF; ii, EtSNa, DMF; i i i , Br(CH2)3OH, K2CO3, acetone; 
iv, H2, Pd/C, EtOAc/EtOH. 
2.3 Preparation of the dendritic fragments 
Treatment of 3,5-dimethylphenol with 2 equivalents of l,3-dibromopropane 
(K2CO3, acetone, reflux, 30 h) gave the mono-0-aUcylated product 3-bromo-l-(3,5_ 
dimethylphenoxy)propane 37 as an oil (90%) (Scheme 9). Compound 37 were thus 
prepared in 35 g quantity for use as a starting material for subsequent reactions. 
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Reaction of the branching agent 32 with 2.2 equiv. of the surface sector [GO:-
O(CH2)3Br 37 in the presence of potassium carbonate and a catalytic amount of 18-
crown-6 afforded the first generation alcohol [Gl]-O(CH2)3OH 38 in 70% yield. It 
was found that the alkylation reaction proceeded much more smoothly in THF than in 
anhydrous acetone solution. In addition, no C-alkylation product could be detected 
from the reaction mixture. The free hydroxy functionality of the branching agent 32 
remained intact under the reaction conditions and was therefore ready for subsequent 
transformation. Hence, the hydroxy group in [Gl]-O(CH2)3OH could be converted 
into the corresponding bromide [Gl]-O(CH2)3Br 39 (96%) by reaction with 
triphenylphosphine and carbon tetrabromide in dry THF. 
ArO. ^OAr 
1 _ , i i L o ^ o J 3 8 X = O H ] 
ArOH A r O ^ ^ ^ B r ^ I ^ iii 
s^ 
37 O ^ ^ X 39X = B r ^ _ • 
Ar = 3,5-dimethylphenyl 
Scheme 9. Reagents: i, Br(CH2)3Br, K2CO3, acetone; i i, 32，K2CO3, 18-crown-6, THF; i i i , CBr4, 
PPh3, THF. 
The new iterative cycle described above was then employed for the synthesis of 
the higher generation polyether dendritic analogs (Scheme 10). Thus, the dendritic 
alcohols [Gn]-O(CH2)3OH (n = 2 and 3) 40 and 42 could be prepared by reacting the 
branching agent 32 with 2.2 equiv. of the dendritic bromides [Gn]-O(CH2)3Br (n = 1 
and 2) 39 and 41’ respectively. In general, the reaction time required for the bis-0-
aUcylation became longer as the dendrimer generation was higher. And the 
completeness of the bis-0-alkylation reaction could be easily monitored by thin layer 
chromatographic analysis. Since the starting materials consist of dendritic bromide and 
2 2 
the branching juncture resorcinol 32，the latter one was a highly polar organic 
compound while the former one showed higher chromatographic mobility. The 
expected product actually had an intermediate Rf value between the starting materials in 
TLC. In addition, the mono-alkylated dendrimer usually had significantly different in 
polarity from the desired one. Thus, purification of the dendritic alcohol can be 
performed readily by flash chromatography. 
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Ar = 3,5-dimethylphenyl j 
Scheme 10. Reagents: i, 32，K2CO3, 18-crown-6, THF; ii, PPh3, CBr4, THF. 
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The dendritic bromide [G2]-O(CH2)3Br 41 was readily prepared in good yield 
(96%) by reacting the corresponding dendritic alcohol [G2]-O(CH2)3OH 40 with 
carbon tetrabromide and triphenylphosphine in THF. The progress of the reaction 
could also be monitored by thin layer chromatographic analysis, as the dendritic 
bromide 41 has a much higher chromatographic mobility than the corresponding 
starting dendritic alcohol. This larger difference in chromatographic mobility also 
facilitated the purification of the dendritic bromides. 
Up to this stage, we began to investigate the incorporation of electrochemical active 
ferrocenyl moiety into these dendritic fragments {vide infra). Although we did not 
attempt to extend this new approach for the synthesis of other higher generation 
analogs, however, the usefulness of this method has been independently confirmed by 
Wang in our group.38 Using 4-r^rr-butylphenyl as the surface sector, the correspond-
ing polyether dendrimer series could be prepared by this new iterative route. The 
reaction conditions {Le. solvents, temperature and duration) were used without 
modification. Furthermore, by using the new protocol, a fifth generation dendritic 
alcohol 47，which was the highest generation dendritic fragment prepared thus far in our 
laboratory, could be obtained in 71% yield from the fourth generation dendritic bromide 
46. Moreover, the dendritic bromide series 43 - 45 obtained from this new synthetic 
protocol had spectroscopic properties identical to that prepared from our previous 
route.32b The overall yields of the dendritic bromides of various generation prepared by 
this improved procedure were consistently better than those synthesized using our 
original method, demonstrating the superiority of the new route (Table 1). 
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Table 1. Yields (%) of the dendritic fragments (4-^rr-butylphenyl series) 
[Gn]-O(CH2)3Br — [G(n+l)]-O(CH2)3OH — [Gn]-O(CH2)3Br — 
G ( n ) [G(n+l)]-O(CH2)3OH [G(n+l)]-O(CH2)3Br [G(n+l)]-O(CH2)3Br 
0 9] 96 87 (72)* 
1 86 99 85 (70) 
2 89 94 84 (63) 
3 ^ 8j ^ 
4 71 — — 
* Number in parenthesis denotes corresponding yield prepared by the original route.32b 
3. Characterization 
All the new dendritic fragments were characterized by ^H-NMR and l^C-NMR, 
mass spectrometry and elemental analysis. ^H-NMR and l^C-NMR are especially 
useful analytical techniques to determine the structure of these dendritic molecules. Any 
defects during the construction of the dendrimer can be revealed by NMR techniques 
since any imperfection will lead to unsymmetrical structures and result in multiplicity of 
signals. 
In lR-NMR spectra, the dendritic bromides [Gn]-(CH2)3Br are characterized by 
their distinctive triplet signals at about 5 3.6 which can be ascribed to the methylene 
protons adjacent to the bromomethylene carbon atom (Ci^Br). The chemical shift 
value of this signal remains relatively constant throughout various generations while its 
intensity relative to the signals from protons of the surface group (the methyl singlet at 5 
2.27 and the two aromatic signals at 5 6.54 and 6 6.58) decreases with increasing 
generations. Table 2 shows the chemical shifts and the relative intensities of these 
signals. Similarly, the carbon atom adjacent to the bromine atom (CH2Br) also gives a 
2 6 
signal at around 5 32 in the l^C-NMR spectra with its intensity diminishes with 
increasing generations. 
Table 2. The chemical shifts and relative intensities of proton signals of [Gn]-O(CH2)3Br 
Chemical shifts (ppm) Relative intensity ratio 
Protons of surface 
ArC//3, AvH, ArH C ^ B r Theoretical Found 
[GO]-O(CH2)3Br 37 2.27, 6.52’ 6.59 3.56 6 : 2 : 1 : 2 6.0 : 2.2 : 1.0 : 2.1 
[Gl]-O(CH2)3Br 39 2.27，6.53, 6.59 3.57 12 : 4 : 2 : 2 12.0 : 2.1 : 4.1: 2.0 
[G2]-O(CH2)3Br 41 2.27，6.53, 6.58 3.56 24 : 8 : 4 : 2 24.0 : 8.1 : 4.1 : 2.0 
The dendritic alcohols [Gn]-O(CH2)3OH can be diagnosed by their distinctive 
triplet at 5 3.8 in lH-NMR and a signal at 5 60 in l^C-NMR spectra. These signals 
can be assigned to the methylene protons adjacent to the hydroxy group and the carbon 
, atom attached to the hydroxy moiety (CT^OH)，respectively. Again, the chemical shift 
of this signal remains relatively constant throughout different generations whereas its 
intensity relative to the proton signals of the surface groups (the singlet at 5 2.27 and 
two singlets at 5 6.54 and 5 6.58) diminishes. Moreover, the iR-NMR and l^C-NMR 
signals of the aforementioned methylene protons and carbon can also be identified in 
the branching juncture 32 and its dibenzylated precursor 36. Hence, these signals 
provide strong evidence for the existence of the propanol moiety. Table 3 tabulates the 
chemical shifts and the relative intensities of these proton signals. 
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Table 3. The chemical shifts and relative intensities of proton signals of [Gn]-O(CH2)3OH and non-
dendritic propanols. 
Chemical shifts (ppm) Relative intensity ratio 
Protons of surface 
C ^ O H ArCH3, ArH, AiH Theoret ica l F o u n d 
3 - ( 3 , 5 - D i b e n z y l o x y -
phenoxy ) -p ropano l 3 6 3.85 
5 - ( 3 - h y d r o x y p r o p -
oxy ) - l , 3 - reso rc i no l 3 2 3.70 
[Gl]-O(CH2)3OH 38 3.84 2.27, 6.54, 6.59 2 : 12 : 4 : 2 2.0 : 12.3 : 3.9 : 2.0 
[ G 2 ] - O ( C H 2 ) 3 O H 40 3.82 2.27，6.53, 6.58 2 : 24 : 8 : 4 2.0 : 25.7 : 7.8 : 4.0 
[G3]-O(CH2)3OH 42 3.83 2.26, 6.53, 6.57 2 : 48 : 16 : 8 2.4 : 49.6 : 15.8 : 8.0 
Furthermore, by comparing the lH-NMR of various dendritic bromides and 
dendritic alcohols, one could notice another phenomenon. Although the dendritic 
compounds differ by only one functionality in the same generation (e.g. bromide v5. 
hydroxy), the difference in chemical shifts was not only confined to the aforementioned 
methylene protons directly connected to the focal functional group ( C ^ X , X = Br or 
OH). The signals of the P-methylene protons are also weH distinguished between the 
two families of dendritic compounds. It was found that the P-methylene protons of the 
dendritic alcohols (HOCHsCi^) always appear as an isolated quintet at 5 ~ 2.0, while 
the corresponding methylene protons in the dendritic bromide series have their signals 
centered at 5 ~ 2.27 in their respective !H-NMR spectra. 
Mass spectral analysis provides an alternative tool to determine the molecular 
weight of the compounds. Table 4 shows the theoretical and found molecular weights 
of the dendritic bromides and dendritic alcohols of different generations. 
28 
Table 4. Molecular weights of various dendritic fragments, 
a M W obtained by EL b M W found by FAB. 
Calculated MW Found MW 
[GO]-O(CH2)3Br 37 242 242a 
[Gl]-O(CH2)3OH 38 508 508a 
[Gl]-O(CH2)3Br 39 570 570^ 
[G2]-O(CH2)3OH 40 1165 1166b 
[G2]-O(CH2)3Br 41 i_2^ i227b 
From the table, it can be seen that the experimental molecular weights agree weU 
with the calculated ones. In addition, the isotopic distribution pattem also matches weH 
with the caIculated one. Unfortunately, the molecular weight of [G3]-O(CH2)3OH 
cannot be determined by the mass spectrometer available to us. Nevertheless, ^H-NMR, 
l3C-NMR and elemental analysis could assist us in proving the structure of the 
aforesaid dendritic alcohol 42. 
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CHAPTER III. ATTEMPTED SYNTHESIS OF ELECTROCHEMICALLY 
ACXrVE METALLODENDRIMERS^^ 
1. Background 
Hyperbranched dendrimers, in contrast to simple polydisperse and long-chain 
polymers, are unique macromolecular models for the study of a wide range of biological 
processes. Because they are monodisperse and have a highly ordered architecture, the 
properties of functional dendrimers can be easily correlated to their molecular 
dimension and topology. They are ideal artificial models of biomolecules such as 
proteins and enzymes and can be utilized to mimic biological process that are 
inaccessible with lower molecular weight models. By attaching simple functional 
groups to different positions of a dendritic matrix, one can set up different types of 
biological models and study the various kinds of macromolecular interaction. For 
example, the functional group may be encapsulated within a dendritic envelope, thus 
providing a good opportunity to investigate the intemaI properties of the dendrimer by 
observing the property change of the functional group of interest. 
The dendritic zinc porphyrin system (e.g. 48) recently disclosed by Diederich^O 
represented one of the pioneering works looking at the change of redox behavior of the 
zinc ion upon dendrimerization. In the zinc porphyrin 48，the porphyrin nucleus was 
surrounded by four polyamide-based dendritic sectors of different generations. The 
modulation effect of the increasingly electron-rich dendritic pendants on the redox 
behavior of these metalloporphyrins was manifested by a gradual decrease of both of 
the oxidation and reduction potentials toward the higher generation. Hence, the electron 
rich dendritic sectors exerted their influence by discouraging the addition of electron but 
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facilitating electron removal from the ring system. Furthermore, the redox processes of 
the higher generation compounds tended to be increasingly irreversible. 
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In contrast to Diederich's findings, heteroleptic bis(terpyridine) ruthenium(n) 
complexes 49 reported by Newkome did not exhibit any generation dependent shift of 
redox potential.^l ^stead, the redox profiles of the ruthenium and bis(terpyridine) 
electrophores became increasing irreversible as the size of dendritic sectors increased. 
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Li Newkome's example, the ruthenium(n) ion was encapsulated between two 
dendritic terpy ligands, one of which contained a flexible long-chain hydrocarbon spacer 
between the terpy and the dendritic moieties. As a result, the metaIlodendrimer had a 
relatively flexible and open structure. Hence the steric environment around the metal 
center was difficult to be addressed. By incorporating a 2,2':6',2"-terpyridine derivative 
to the focal point of the dendritic phenol 29 followed by complexation with iron(n) ion, 
a series of polyether-based bis(terpyridine) iron(n) complexes metallodendrimers (e.g. 
50) were synthesized and characterized by our research group.33 xhe absence of a 
flexible hydrocarbon link in these models could reduce the conformational flexibility of 
the dendritic moieties with respect to their positions around the iron center. Such 
structurally rigid systems could be used to correlate the redox property change to the 
molecular dimension of the dendritic fragments more precisely. According to the cyclic 
voltammetry (CV) studies, the reversibility of the redox reactions decreased with 
increasing generation number, which was in line with Newkome's results. 
The decrease in reversibility of the redox transfer for the higher-generation 
dendrimer, as compared with the lower ones, is of particular interest in the study of the 
electron transfer properties of redox proteins. It was previously suggested that the 
decrease in reversibility in the redox process was due to the increased steric hindrance 
of the higher-generation metallodendrimers, leading to the facile decomposition of the 
metal complex upon oxidation or reduction.^l However, direct electrochemical studies 
of redox proteins^^ such as cytochrome C pointed out that protein molecules must bind 
reversibly to the electrode surface in order to achieve efficient fast electron transfer. 
Moreover, even if the protein is adsorbed on the electrode, if the distance between the 
redox center and the surface ofthe electrode exceeds the distance across which electrons 
can be transferred at measurable rate, the rate of electron transfer is still minima]43 We 
believed that the polyether dendritic sectors serving as an insulating coating for the 
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iron(n) redox center, which was located deep inside the macromolecular complexes. For 
the higher-generation metailodendrimers, the increasing remoteness of the iron(n) ion 
from the electrode surface hindered the electron-transfer process and led to the observed 
decrease in reversibility. 
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Similar phenomenon was also found in the case of the natural redox enzyme such 
as glucose o x i d a s e . 4 3 It was found that, in homogenous solutions, the redox enzyme 
could accept electrons from and transfer electrons to small oxidizable/reducible ions or 
molecules but did not exchange electrons with simple metal electrodes. It was proposed 
that the FAD (oxidized flavin adenine dinucle0tide)/FADH2 (reduced flavin adenine 
dinucleotide) redox centers of the enzyme were located deep in the enzyme, thus the 
electrons transfer between the redox center and the electrode would be prohibited by the 
long distance between them. In line with the hypothesis, chemically modified enzymes 
51 having redox active ferrocenyl moieties attached to the enzyme backbone (Scheme 
11) showed better electrical communication with metal electrodes. The cyclic 
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voltammogram of the chemically modified enzyme showed that the reversibility of the 
redox reaction between the redox enzyme and the electrode was enhanced, as compared 
to that of the unmodified enzyme. The experimental outcome was rationalized by the 
faciUtation of electron transfer through the electron relaying centers, since the long 
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S c h e m e 11. Reagents and conditions: i, l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydro-
chloride, pH 7.2; i i , redox protein, pH 7.3, 3 M urea. 
The works of Astruc^^ provided further evidence that there were interactions 
between chemicaUy different redox active centers metallodendritic systems containing 
multiple redox active units. Hence, only one oxidative wave at +0.78 V was observed in 
the cyclic voltammograph the hexa-iron compound 52’ indicating that all six ferrocene 
units had the same oxidation potential. For the hepta-iron derivative 53，the central 
PFeCp(arene)]+ moiety gave a redox wave at -1.34 V. However, the redox potential of 
the six peripheral ferrocene units, in the presence of the central iron center, was slightly 
perturbed to +0.88 V. This result suggested that there were interactions between the 
central and surface iron centers. 
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As mentioned before, the chemical modification on the natural enzyme by the 
incorporation with ferrocene moiety could enhance the electrochemical communication 
between the electrode and the redox centers. We were interested to know whether 
similar outcome could be observed in our metallodendritic model 50 when redox active 
relays were built into the system. We would therefore Hke to prepare a series of 
terpyrdine-based metallodendrimers having electrochemicaUy active ferrocenyl units as 
relays. In the following section, we wiU describe our synthetic attempts toward the 
construction of this series of metallodendrimers. 
2. Synthesis of a ferrocene containing spacer for the construction of 
metallodendrimers containing multiple redox active units 
2.1 Synthetic Strategy 
t i the previous chapter, we described the synthesis of a series of polyether-based 
dendrimers using a convergent protocol. Such dendritic fragments all have a reactive 
functionality at their focal point. One of the simplest ways to introduce multi-
electrochemically active dendrimers was to "insert" a ferrocene moiety between the 
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dendritic envelope and a terpy derivative (Figure 9). Retrosynthetically this would be 
achieved via the construction of an electrochemicaIly active ferrocene containing spacer 
54, which in tum could be realized by carrying out a Wittig coupling reaction on 
f e r r o c e n e c a r b o x a l d e h y d e ^ 5 with a ylide derived from phosphonium salt 55. By 
considering the functionality available in the dendritic fragment and the terpy derivative, 
we decided to choose a protected methyl 3,5Kiihydroxybenzoate derivative as the 
starting material, since the two phenolic functionalities could be easily employed for 
coupling with the aforementioned dendritic fragments as well as with the terpy ligand. 
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Figure 9. Retrosynthetic scheme for the construction of ferrocene containing dendritic ligand. 
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2.2 Preparation of the fe rrocene containing spacer unit 
The first protective group we employed was a 3-(2-tetrahydropyranyloxy)-
propoxy moiety. The preparation of the spacer unit using the tetrahydropyranyl 
protective group is illustrated as Scheme 12. Treatment of methyl 3,5-
dihydroxybenzoate 56 with 2 equivalents of 2-(3-bromopropoxy)-tetrahydro-2H-
pyran^6 57 in presence of potassium carbonate in acetone yielded the bis-0-alkylated 
methyl ester 58 in 87% yield as a yellow oil. The methyl ester functionality was 
transformed into the corresponding benzyl alcohol 59 by reduction with lithium 
aluminum hydride. The reaction proceeded cleanly in dry THF and the alcohol could be 
obtained as a yellow oil in quantitative yield. However, reaction of the alcohol with 
carbon tetrabromide and triphenylphosphine in THF failed to give the corresponding 
bromide 60. It appeared that the tetrahydropyranyl protective groups were cleaved under 
the Mitsunobu reaction condition. As a result, this synthetic route was abandoned. 
H O ^ ^ / ^ O H THPO(CH2)3Br R O ^ ^ ^ ^ ^ O R 
I 57 \\ 丁 
V " " " ； ^ V n 
c02Me c02Me 
56 58 ii 
R 〇 Y ^ 〇 R iii R O ^ ^ ^ O R 
Y “ X Y “ — 
CHaBr CH2OH 
60 59 
^ = O(CH2)3OTHP^ 
Scheme 12. Reagents: i, K2CO3, acetone; ii, LiAlH4, THF; iii, CBr4, PPh3, THF. 
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To this end, we decided to switch to a methoxy ether as the protective group 
(Scheme 13). Methyl 3,5-dihydroxybenzoate 56 was treated with 2 equivalents of 
methyl iodide and potassium carbonate in acetone to give methyl 3,5-dimethoxybenzoate 
61 in 89% yield as a white solid. Reduction of the methyl ester 61 by lithium aluminum 
hydride in THF afforded the corresponding 3,5-dimethoxybenzyl alcohol 62 in 
quantitative yield. To our relief the, benzyl alcohol could be successfully transformed 
into the 3,5-dimethoxybenzyl bromide 63 under Mitsunobu conditions (CBr4, PPh3) as 
a white solid in 96% yield. 
H C V ^ O H . M e O ^ ^ O M e .. MeO^^OMe 出 M e C y ^ O M e 
V - ^ V ——^ y ~"^ V 
I o a M e 60aMe CH2OH C _ 
56 61 62 63 
HCk^^^OH M e O ^ ^ O M e M e O ^ ^ O M e iv 
^ f vii or viii J^ ^^  vi v MeO^^ ^^ ;^ ^^ OMe 
S ^ i ^ " ~ ~ ~ i C H O ^ V -
C ^ > " ^ ^ ^ 3 ^ Fe CH2P+Ph3 
^ T ^ Fe Fe 65 c ^ ^ 
态 • ^ • ^ 
68 67 66 
Scheme 13. Reagents: i, MeI, K2CO3, acetone; i i , L iAlH4, THF; i i i , CBr4, PPh3, THF; vi, PPh3, 
toluene; v, NaH, THF; vi,乐，Pd/C, EtOH; vi i, BBr3, CH2CI2； v i i i , NaSEt, DMF. 
The phosphonium bromide salt 64 was then prepared by refluxing 3,5-
dimethoxybenzyl bromide 63 and triphenylphosphine (0.9 equivalent) in anhydrous 
toluene. The desired triphenyl(3,5-dimethoxybenzyl)phosphonium bromide 64 could 
be precipitated from toluene solution as a white powder solid in 81 % yield. The overaU 
yield of the phosphonium salt 64 from methyl 3,5-dihydroxybenzoate 56 was 69% on a 
20 g scale. 
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The phosphonium bromide 64 was then deprotonated by sodium hydride (0.9 
equivalent) under nitrogen atmosphere in dry THF solution. Ferrocenecarboxaldehyde 
65 was then added to the solution to give the desired ferrocenyl olefin after flash column 
chromatography. The reaction was not clean and the yield was moderate (50%). The 
double bond was then saturated by hydrogenation in the presence of hydrogen and 10% 
palladium on charcoal in ethanol. In this manner, the dimethoxy protected ferrocene 
containing spacer 67 was obtained as an orange oil in 93%. Unfortunately, the methoxy 
groups could not be deprotected by either boron tribromide in dichloromethane solution 
or sodium thiolate in DMF solution. Other conditions had also been attempted but the 
ferrocenyl group inevitably decomposed under those conditions. In the end this 
synthetic route was abandoned. 
2.3 Characterization 
All the newly prepared spacer unit were characterized by lH-NMR and l^C-
NMR, mass spectrometry and elemental analysis. 
The bis-0-alkylation product 58 could be easily characterized by ^H-NMR 
spectroscopy. Hence, the ^H-NMR signals of the spacer 3-(2-tetrahydropyranyl-
oxy)propoxy (THPO(CH2)3O) were located at 5 = 1.5 - 1.7, 2.0 - 2.1，3.4 - 3.9, 4.1 -
4.6 as multiplets. These signals also appeared in the !H-NMR of the corresponding 
alcohol derivative 59, 
For the methoxy protected series, the two methoxy signals always appeared as a 
singlet at 5 ~ 3.8 in the l H - N M R spectra. Upon Wittig olefmation, the olefinic signal 
exhibited a typical AB pattern (6 ~ 6.7 and 6.8) in the lR-NMR spectrum of compound 
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66, while the protons of the cyclopentadiene rings appeared as multiplets at 5 〜4.1，4.3， 
and 4.5. Saturation of the olefin moiety led to a change of ^H-NMR splitting pattem 
from an AB olefinic doublet to an A2B2 system (two multiplets at 5 ~ 2.6 and 2.7). 
All the above reactions could be easily monitored by thin layer chromatographic 
analysis. Furthermore, all ferrocene moiety containing compounds showed the 
distinctive reddish-orange color on the TLC plates, which greatly faciHtated product 
isolation. 
3. Conclusions 
The possibility of inserting electrochemiclly active ferrocenyl moiety to a dendritic 
structure had been addressed. The Wittig olefmation strategy involving the coupling of 
ferrocenecarboxaldehyde 65 to a methyl 3,5-dihydroxybenzoate derivative appeared to 
be a viable route for the construction of the desired spacer unit. Since the ferrocene 
functionality was stable under the Wittig coupling reaction. Unfortunately, the fact that 
the two methoxy moieties could not be dismantled led to the abandonment of our 
synthetic scheme. 
Our failure to the preparation of the desired electron relay may due to the 
inadequate literature precedents of the chemistry about the stability of the ferrocene 
moiety. During the deprotection reaction, we found that the ferrocene moiety was 
destroyed by either boron tribromide or sodium thiolate. The decomposition was 
revealed by the disappearance of the reddish-orange color of the reaction together with 
the formation of many compounds as revealed by TLC determination. Therefore the 
ferrocenyl moiety was quite sensitive to nucleophilic attack. Hence, one needed to select 
a protective group for the resorcinol moiety which can be smoothly cleaved under 
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neutral condition. A benzyl group could be the ideal candidate as it could be 
deprotected by hydrogenolysis. Nevertheless, our negative fmdings described here can 
assist other investigators who are interested in pursuing research in similar topics. 
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CHAPTER TV. SUMMARY 
A series of polyether-based dendritic fragments were prepared by an accelerated, 
improved convergent synthetic strategy. A new branching juncture, 5-(3-
hydroxypropoxy)-1,3-resorcinol 32 was prepared and found to be more useful than 5-
benzyloxy-1,3-resorcinol 30 towards the construction of polyether-based dendrimers. 
This new branching juncture 32 could be prepared in better yield from phloroglucinol. 
Its utilization can prevent several undesired side-reactions found in the original synthetic 
scheme. The number of synthetic operations in each of the iterative cycle was also 
reduced from three to two, as compared to the original procedure. Each iterative 
synthetic cycle involved two reactions: a bis-0-alkylation reaction of the branching 
agent 32 with a dendritic bromide [Gn]-O(CH2)3Br to give a dendritic alcohol of the 
next generation [G(n+1 )]-O(CH2)3OH; followed by a functional group conversion of 
the dendritic alcohol into the corresponding dendritic bromide [G(n+l)]-O(CH2)3Br of 
the same generation. Since the reaction yields were improved and number of operations 
were reduced, hence this new synthetic protocol was superior than the original one. 
Attempts had also been made to synthesize a series of multiple redox active 
terpyridine-based metallodendrimers by inserting a ferrocene moiety between the 
dendritic fragments and the terpyridine ligand. Such ferrocene containing spacer could 
be successfully prepared from a protected methyl 3,5-dihydroxybenzoate derivative. 
However, the dismantling of the protective group led to the destruction of the ferrocene 
moiety. Thus, our synthetic strategy needed to be modified by using another protective 
groups which could protect the resorcinol functionality but would not lead to the 
decomposition of the ferrocene group upon deprotection. 
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CHAPTER V . EXPERIMENTAL 
Melting points were measured on an Electrothermal 9100 apparatus and are 
uncorrected. ^H-NMR (300MHz) spectra and 13C-NMR (75.47MHz) spectra were 
recorded on a Bruker Avance DPX 300 spectrometer. All NMR measurement were 
carried out at 300K in deuteriochloroform with TMS as internal standard unless 
otherwise specified. Chemical shifts are reported as parts per miUion (ppm) in 5 scale 
downfield from TMS. Coupling constants (7) are reported in hertz. Mass spectra were 
obtained on a Brilker APEX 47e FTMS with liquid secondary-ion mass spectrometry 
(L-SMS) method or electron spray ionization (ES^) technique. The reported molecular 
mass {m/z) values, unless otherwise specified, were monoisotopic mass. Elemental 
analyses were carried out at either Shanghai Listitute of Organic Chemistry, Academic 
Sinica, China or MEDAC Ltd., Brunei Science Center, Cooper's Hill Lane, Englefield 
Green, Egham, Surrey TW20 OJZ, United Kingdom. 
All non-aqueous reactions were carried out under a dry nitrogen atmosphere with 
flame-dried glassware. M reactions were monitored by thin layer chromatography 
(TLC) performed on Merck precoated silica gel 6OF254 plates, and compounds were 
visualized with a spray of 5% w/v dodecamolybdophosphoric acid in ethanol and 
subsequent heating. Unless otherwise stated, all chemical were purchased from 
commercial suppliers and used without further purification. M solvents were reagent 
grade. Tetrahydrofuran (THF) was freshly distilled from sodiunVbenzophenone ketyl 
under nitrogen. 2 - (3 -b romopropoxy ) te t rahydro-2^-pyran46 57 and ferrocene-
ca rboxa ldehyde45 6 5 were prepared according to literature procedures. 
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1,3,5-Tribenzyloxybenzene 34. Benzyl bromide (230 g, 1.34 mol) was added dropwise 
to a stirred mixture of phloroglucinol dihydrate (56 g, 0.35 mol) and powdered 
potassium carbonate (207 g，1.50 mol) in DMF (600 mL) at 20。C. The mixture was 
stirred for 48 h and poured into ice water (1000 mL). The aqueous layer was decanted 
and the organic oily residue taken up in EtOAc (1000 mL). The organic layer was 
washed with brine (200 mL), dried (Na2SO4), filtered and concentrated under reduced 
pressure. The desired 1,3,5-tribenzyloxybenzene 34 was obtained by recrystallization 
from EtOAc/ethanol and collected by filtration (82 g，59%), m.p. 93 - 94。C; Rf 0.87 
(hexane/EtOAc 4/1); iR-NMR (CDCl3) 5.02 (6 H, s，PhC^), 6.29 (3 H, s, ArH), 7.32 
-7.45 (15 H，m, P"CH2); l^C-NMR (CDCl3) 70.1，94.9，127.6，128.0，128.7, 136.8, 
160.6; MS (El, m/z) 396 (M+, 16%). Anal. Calcd for C27H24O3： C, 81.79; H, 6.10. 
Found: C,81.97;H, 6.06. 
3,5-Dibenzyloxyphenol 35. Ethanethiol (15.2 g, 0.24 mol) was added dropwise to a 
stirred suspension of sodium hydride (60% dispersion in mineral oil, 5.4 g，0.24 mol) 
in dry DMF (200 mL) at 0。C. After 1 h, 1,3,5-tribenzyloxybenzene 34 (56.0 g, 0.13 
mol) was added dropwise and the mixture heated to 150 °C for 4 h. The excess solvent 
was then evaporated under reduced pressure. The residue was taken up in water and 
extracted with EtOAc (3 x 150 mL). The combined organic layers were washed with 
saturated brine (50 mL), dried (Na2SO4) and chromatographed on silica gel 
(hexane/EtOAc 4/1) to give the title compound 35 as an orange oil which was 
recrystallized from carbon tetrachloride as a light yellow solid (29.0 g, 73%), m.p. 88 -
89.5。C (lit.37 mp 90 - 92。C); Rf0.54 (hexane/EtOAc 4/1); ^H-NMR (CDCl3) 4.98(1 
H, s, ArOB), 4.99 (4 H, s，PhC^), 6.11 (2 H, d, J = 2.1’ _ , 6.24 (1 H, t, J = 2.1’ 
AiH), 7.32 - 7.42 (10 H, m, P/1CH2); l^C-NMR (CDCl3) 70.0, 94.9，95.4, 127.5’ 128.0, 
128.5, 136.6，157.2, 160.6; MS (EI, m/z) 306 (M+, 66%). Anal. Calcd for C20Hi8O3: 
C，78.41; H, 5.92. Found: C, 78.38; H，5.85. 
4 4 
3-(3,5-Dibenzyloxyphenoxy)propanol 36. A mixture of the phenol 35 (18,0 g, 59 
mmol), 3-bromopropanol (16.9 g, 121 mmol) and potassium carbonate (13.8 g, 100 
mmol) in anhydrous acetone (300 mL) was heated to reflux under nitrogen for 24 h. 
The mixture was filtered and the filtrate was concentrated under reduced pressure. The 
residue was chromatographed on silica gel (hexane/EtOAc 4/1) to give the alcohol 36 
which was recrystallized from carbon tetrachloride as a white solid (16.1 g, 89%), m.p. 
62 - 63。C; RfQAl (hexane/EtOAc 1/1); lR-NMR (CDCl3) 1.74 (1 H, s, CH2OH), 
2.02 (2 H, quintet,7=5.9, HOO^C^)，3.84 (2 H，t,7= 5.9，O^OH)，4.07 (2 H，t, J 
=5.9, HOCH2CH2CH2O), 5.01 (4 H, s，PhCH2), 6.19 (2 H, d, J = 2.2, _ , 6.27 (1 
H, t , /=2 .2 , Ar i ^ , 7.33 - 7.44 (10 H, m, P/1CH2); l^C-NMR (CDCl3) 31.9，60.5，65.8, 
70.1，94.5, 94.7, 127.5, 128.0，128.6，136.7，160.6，160.6; MS (EI, m/z) 364 (M+, 59%). 
Anal. Calcd for C23H24O4： C，75.80; H，6.64. Found: C, 75.46; H, 6.63. 
5-(3-Hydroxypropoxy)-l3-resorcinol 32. A suspension of 3-(3,5-dibenzyl-
oxyphenoxy)propanol 36 (20.0 g，55.0 mmol) and 10% palladium on charcoal (2.0 g) 
in ethanoVEtOAc (3/1 v/v, 400 mL) was stirred under hydrogen at 20。C. The reaction 
progress was monitored by thin layer chromatography until all starting material 
disappeared. The mixture was filtered through celite and the filtrate concentrated under 
reduced pressure. The crude product was purified by flash chromatography on silica 
gel (hexane/EtOAc 2/1) to afford the resorcinol 32 as a white solid (7.7 g, 76%), m.p. 
159 - 161。C; RfO.l9 (hexane/EtOAc 1/2); iR-NMR (d^-acetone) 1.91 (2 H, quintet, J 
=6.2, HOCH2OT2), 2.95 (1 H, s, CH20i^, 3.70 (2 H，t,7=6.1, O^OH)，3.98 (2 H，t, 
J 二 6.3，HOCH2CH2C^O), 5.93 (2 H, d, J 二 2.0，刷,5.96 (1 H，t, J = 2.0，ArH), 
8.15 (2 H，br s, ArOH); l^C-NMR (d^-acetone) 32.9, 59.0, 65.0, 94.3，96.1，159.7, 
161.8; MS (EI, m/z) 185 [(M + H)+, 100%]. Anal. Calcd for C9H12O4： C, 58.69; H, 
6.57. Found: C, 58.58; H, 6.68. 
3-Bromo-l-{3,5-dimethylphenoxy)propane 37. A mixture of 3,5-dimethylphenol (20.0 
45 
g, 0.16 mol), 1,3-dibromopropane (65.6 g，0.33 mol) and potassium carbonate (26.5 g, 
0.19 mol) was heated to reflux in acetone (100 mL) for 30 h. The mixture was cooled 
and filtered. The filtrate was concentrated on a rotary evaporator and the residue 
purified by flash chromatography on silica gel (hexane>^tOAc 30/1) to give the bromide 
37 (35.0 g，90%) as a yellow oil; RfQ.7Q (hexane/EtOAc 10/1); iR-NMR (CDCl3) 2.24 
(2 H, quintet,7=6.2, BrO^CH�)，2.27 (6 H, s, ArCH3), 3.57 (2 H，t, J = 6.5, C^B r ) , 
4.04 (2 H, t, J = 5.8, BrCH2CH2Ci/2)' 6.52 (2 H，s, AiH), 6.58 (1 H, s, ArH); 1¾-
NMR (CDCl3) 21.4, 30.1，32.4, 64.9, 112.2’ 122.6, 139.2，158.6; MS (El, m/z) 242 
(M+, 24%). Anal. Calcd for CnH15OBr: C, 54.34; H, 6.22. Found: C, 54.63; H，6.29. 
General Procedurefor the Synthesis ofDendritic Alcohols [Gn]-0(CH2)3OH (n = 1 -
3) 38, 40，42. A mixture of the bromide [G(n-l)]-O(CH2)3Br (2.2 mol equiv.), 5-(3-
hydroxypropoxy)-l,3-resorcinol 32 (1 mol equiv.), potassium carbonate (3 mol equiv.) 
and 18-crown-6 (0.1 mol equiv.) was refluxed in THF. The reaction time required was 
30, 48 and 72 h for n 二 1 to 3, respectively. The reaction mixture was cooled and 
filtered. After concentration ofthe filtrate on a rotary evaporator, the crude product was 
purified as described in the following text. 
[Gl]-O(CH2)3OH 38. Flash chromatography of the crude product on silica gel 
(hexane/EtOAc 5/1) afforded the dendritic alcohol 38 (70%) as a pale yellow oil; Rf 
0.63 (hexane/EtOAc 1/1); iR-NMR (CDCl3) 1.73 (1 H, br s, O ^ O i ^ 2.03 (2 H, 
quintet，/=5.9，HOCH^C^)，2.21 (4 H，quintet, J = 6.1，OO^C^O^O)，2.27 (12 
H, s, ArCi^3), 3.84 (2 H，t,7=6.0, O^OH)，4.04 - 4.12 (10 H, m, 0 0 ¾ ) , 6.08 (2 H, d, 
7 = 2.0,Ar/^), 6.11 (1 H, t, J = 2.0, ArH), 6.54 (4 H, s, ArH), 6.59 (2 H，s, ArH); ^^C-
NMR (CDCl3) 21.4，29.3，31.9，60.5，64.2, 64.6，65.8，94,0，94.2，112.2, 122.5, 139.2， 
158.9, 160.6. 160.7; MS (El m/z) 508 (M+, 100%). AnaI. Calcd for C31H40O6: Q 
73.20; H, 7.93. Found: C, 73.50; H，8.07. 
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[G2]-O(CH2)3OH 40. Flash chromatography of the crude product on silica gel 
(hexane/EtOAc 5/1) afforded the dendritic alcohol 40 (50%) as pale yellow glassy 
substance; Rf 0.69 (hexane/EtOAc 1/1); iR-NMR (CDCl3) 1.69 (1 H, t, J = 5.3, 
CU2OH), 2.00 (2 H, quintet, J = 5.9, HOO^O^)，2.20 (12 H, quintet, J = 6.1， 
OCH2OT2CH2O), 2.27 (24 H，s，ArOT3), 3.83 (2 H, q, J = 5.7, C ^ O H ) , 4.03 - 4.11 
(26 H，m, 0 0 ¾ , 6.09 (9 H, s, AiH), 6.53 (8 H，s, Ar7^, 6.58 (4 H, s, Ar//); l^C-NMR 
(CDCl3) 21.4, 29.2, 29.3，31.9，60.5, 64.2, 64.5, 65.7，94.0，112.2，122.5, 139.1, 158.9， 
160.7; MS (FAB, m/z) 1166 [(M + H)+，9%]. Anal. Calcd for C71H88O14： C, 73.17; H, 
7.61. Found: C, 73.42; H, 7.62. 
[G3]-O(CH2)3OH 42. Flash chromatography of the crude product on silica gel 
(hexane/EtOAc 3/1) afforded the desired dendritic alcohol 42 (45%) as pale yeUow 
glassy substance; Rf 0.78 (hexane/EtOAc 1/1); !H-NMR (CDCl3) 1.71 (1 H, s, 
CH2O//), 2.03 (2 H, quintet, 7= 6.0，HOO^C^)，2.21 (28 H, m, O O ^ C ^ O ^ O )， 
2.26 (48 H, s，ArCi^ 3), 3.79 - 3.81 (2 H，m, CH2OH), 4.01 - 4.16 (58 H, m, OCH2h 
6.08 (21 H, s，ArJ¥), 6.53 (16 H，s, ArH), 6.57 (8 H，s, ArH); l^C-NMR (CDCl3) 21.4， 
29.2, 29.3，31.9，60.4, 64.2，64.6, 64.5, 65.7，94.0，112.2, 122.5, 139.1，158.9，160.7. 
Anal. Calcd for C151H184O30： C, 73.16; H, 7.48. Found: C, 73.22; H，7.67. 
General Procedurefor Synthesis ofDendritic Bromides [Gn]-O(CH2)3Br (n = 1 - 2) 
39’ 41. A mixture ofthe alcohol [Gn]-O(CH2)3OH (1 mol equiv.), carbon tetrabromide 
(2 mol equiv.) and triphenylphosphine (2 mol equiv.) was stirred in THF under 20 °C. 
The reaction time was 12 and 20 h for the preparation of n = 1 and 2，respectively. The 
reaction mixture was filtered through celite and the filtrate concentrated on a rotary 
evaporator. The crude product was purified as described in the following text. 
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[Gl]-O(CH2)3Br 39. Flash chromatography of the crude product on silica gel 
(hexaney^tOAc 30/1) afforded the dendritic bromide 39 (96%) as a pale yellow oil; Rf 
0.51 (hexaney1EtOAc 10/1); iR-NMR (CDCl3) 2.21 (4 H, quintet, J 二 6.0， 
OCH2CH2CH2O), 2.25 - 2.31 (2 H, m，BrC^CT^)，2.27 (12 H，s，ArC//3), 3.57 (2 H， 
t, J = 6.4，C^Br), 4.03 (2 H, t, J = 5.8，BrO^O^C^)，4.07 - 4.12 (8 H, m, 
OCH2CU2^H2O), 6.08 (2 H, d, J = 2.0)，6.11 (1 H，t, / = 2.0’ ArH), 6.54 (4 H, s, 
AiH). 6.58 (2 H, s, ArH); l3C-NMR (CDCl3) 21.4，29.3, 29.9，32.3，64.1，64.6, 65.3, 
94.1，94.2，112.2, 122.5, 139.2, 158.9，160.5, 160.8; MS (EI, m/z) 570 (M+, 8%). Anal. 
Calcd for C31H39O5Br: C, 65.15; H, 6.88. Found: C, 65.45; H, 6.89. 
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[G2]-O(CH2)3Br 41. Flash chromatography of the crude product on silica gel 
(hexaney^tOAc 10/1) gave the dendritic bromide 41 (96%) as a pale yellow oil. Rf 0.22 
(hexane/EtOAc 10/1); lH-NMR (CDCl3) 2.20 (12 H, quintet, J = 6.0， 
OCH2CH2CH2O), 2.22 - 2.31 (2 H，m，BrO^O^), 2.27 (24 H，s, ArOT3), 3.56 (2 H， 
t, J = 6.0，Cif2Br), 4.03 (2 H，t, J = 6.0，BrO^O^C^)，4.06 - 4.13 (24 H, m, 
OCH2CR2CH2O), 6.09 (9 H , s，ArH). 6.53 (8 H，s, AiH). 6.58 (4 H , s, A r i ^ ; 1 ¾ -
NMR (CDCl3) 21.4，29.2, 29.9, 32.3，64.2，64.6，65.3，94.1’ 112.3, 122.5，139.2, 158.9， 
160.7; MS (FAB, m/z) 1227 [(M + H)+，76%]. Anal. Calcd for C71H87O13Br: C, 
69.42; H，7.14. Found: C, 69.86; H, 7.09. 
Methyl 3,5-bis[2-(tetrahydropyranyloxy)propoxy]benzoate 58. A mixture of methyl 
3,5-dihydroxybenzoate (20.0 g，119 mmol), 2-(3-bromopropoxy)tertahydro-2//-pyran46 
57 (53.1 g, 240 mmol) and potassium carbonate (40.1 g, 290 mmol) was refluxed in 
anhydrous acetone for 20 h. The mixture was cooled and filtered. The filtrate was 
concentrated on a rotary evaporator and the residue purified by flash chromatography 
on silica gel (hexane/EtOAc = 8/1) giving the ester 58 (46.8 g, 87%) as a yellow oil; Rf 
0.14 (hexane/EtOAc 10/1); ^H-NMR (CDCl3) 1.51-1.73 (12 H, m, OCH(CH2)3CH2O 
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on THP), 2.04 - 2.10 (4 H, m, THPOCH2CH2), 3.53 - 3.59 (4 H，m), 3.85 - 3.94 (4 H, 
m)，3.90 (3 H, s, CO2CH^), 4.08 - 4.12 (4 H, m, THPOCH2), 4.60 (2 H, t, J = 3.5， 
OCHO), 6.66 (1 H, t, J = 2.3，ArH), 7.17 (2 H, d, J = 2.3，Arif); l^C-NMR (CDCl3) 
19.5，25.4，29.5, 30.6，52.1，62.3，63.8, 65.2，98.9，106.5，107.7, 131.8，159.9，166.9; MS 
(EI, m/z) 453 [(M + H)+，32%]. Anal. Calcd for C24H36O8： C，63.70; H, 8.02. Found: 
C, 63.80; H, 8.15. 
3,5-Bis[3-(tetrahydropyranyloxy)propoxy]benzyl alcohol 59. 45.0 g of the ester 58 
(100 mmol) was dissolved in THF. Afterward the mixture was cooled to 0 °C in an ice-
water bath. Lithium aluminum hydride powder (3.8 g, 100 mmd) was then added into 
the solution. After the addition of the hydride, the reaction mixture was allowed to 
stirred under nitrogen at 20 °C for 2 h. The reaction was monitored by thin layer 
chromatography until aU the starting material was consumed. The excess hydride was 
destroyed by ice-water. The product was taken up by extraction with ethyl acetate (3 x 
200 mL), and dried (Na2SO4). After removal of the solvent by rotary evaporator, the 
title compound 59 was obtained as a yellow oil (42.3 g, 100%); Rf 0.10 (hexane/EtOAc 
5/1); lH-NMR (CDCl3, OH not observed) 1.49 - 1.70 (12 H’ m，OCH(OT2)3CH2O on 
THP), 2.04 - 2.08 (4 H, m, THPOCH2CH2), 3.51 - 3.58 (4 H, m)，3.85 - 3.93 (4 H, m), 
4.04 - 4.08 (4 H，m，THPOCH�)，4.58 - 4.60 (4 H, m, A r C ^ O H and OCHO\ 6.40 (1 
H, t, J = 2.2，ArH). 6.52 (2 H，d, J = 2.2, Arif); l^C-NMR (CDCl3) 19.6, 25.4, 29.7， 
30.7，62.3, 63.9, 65.0, 65.4, 98.9，100.6, 105.1，143.2，160.4; MS ¢1, m/z) 424 (M+， 
29%). Anal. Calcd for C23H36O7： C，65.07; H，8.55. Found: C, 65.12; H, 8.60. 
Methyl 3,5-dimethoxybenzoate 61. A mixture ofmethyl 3,5-dihydroxybenzoate (20.0 g, 
119 mmol), methyl iodide (34.0 g, 240 mmol), potassium carbonate (40 g, 290 mmol) 
was stirred under nitrogen at 20 °C for 20 h. The mixture was then filtered and the 
filtrate was concentrated on rotary evaporator and the residue was purified by flash 
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chromatography on silica gel (hexane/EtOAc = 20/1) afforded the ester 61 as a white 
solid (20.7 g，89%), m.p. 41.5 - 42。C; Rf 0.32 (hexane/EtOAc 10/1); lH-NMR 
(CDCl3) 3.83 (6 H，s, ArOCH3), 3.91 (3 H, s，CO2CH3), 6.65 (1 H, t, J = 2.4，ArH), 
7.19(2 H, d,7=2.4, AiH); l^C-NMR (CDCl3) 52.2，55.5, 105.7，107.1, 131.9, 160.6， 
166.8; MS (EI, m/z) 196 (M+, 100%). Anal. Calcd for C10H12O4： C, 61.22; H，6.16. 
Found: C,61.28;H, 6.37. 
3,5-Dimethoxybenzyl alcohol 62. 20.7 g of the ester 61 (106 mmol) was dissolved in 
THF. Afterward the mixture was cooled to 0 °C in an ice-water bath. Lithium 
aluminum hydride powder (4.1 g，108 mmol) was then added into the solution. After 
the addition of the hydride, the reaction mixture was allowed to stirred under nitrogen at 
20 °C for 2 h. The reaction was monitored by thin layer chromatography until ail the 
starting material was consumed. The excess hydride was destroyed by ice-water. The 
product was taken up by extraction with ethyl acetate (3 x 150 mL), and dried 
(Na2SO4). After removal of the solvent by rotary evaporator, the title compound 62 was 
obtained as a yellow oil (17.8 g, 100%); Rf 0.23 (hexane/EtOAc 10/1); ^H-NMR 
(CDCl3) 2.75 (1 H, s, CH2O^ 3.74 (6 H, s, ArOCH3), 4.54 (2 H, d, J = 4.8 CH2OK), 
6.34 (1 H，t,7=2.3, ArH), 6.47 (2 H, d, J = 2.3，ArH)', l3C-NMR (CDCl3) 55.3, 65.2, 
99.6，104.5，143.4，160.9; MS (EI, m/z) 168 (M+, 100%). Anal. Calcd for C9H12O3： C, 
64.27; H，7.19. Found: C, 64.47; H, 7.24. 
3,5-Dimethoxybenzyl bromide 63. A mixture of the benzyl alcohol 62 (15.0 g, 89 
mmol) carbon tetrabromide (59.1 g, 178 mmol) and triphenylphosphine (46.8 g, 178 
mmol) was stirred under nitrogen in THF at 20。C. The reaction time required was 20 
h. The reaction mixture was filtered through celite and the filtrate was concentrated on 
rotary evaporator. The crude product was purified by flash chromatography on silica 
gel (hexane/EtOAc 二 30/1) afforded the bromide 63 (19.8 g，96%) as a white solid, m.p. 
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70 - 70.5。C ； Rf 0.63 (hexane/EtOAc 10/1); iR-NMR (CDCl3) 3.80 (6 H, s， 
ArOa/3)，4.43 (2 H , s, CH2Br) , 6.39 (1 H , t , / = 2 . 2 , AiH), 6.54 (2 H，d，J 二 2 2 , A rH ) ; 
13C-NMR (CDCl3) 33.6，55.4, 100.6，106.9，139.7，160.9; MS ¢1, m/z) 230 (M+, 
51%). Anal. Calcd for C9HnO2Br: C, 46.78; H, 4.80. Found: C, 47.14; H, 4.76. 
Triphenyl(3,5-dimethoxybenzyl)phosphonium bromide 64. A mixture of the bromide 
63 (19.8 g，86 mmol) and triphenylphosphine (20.2 g, 77 mmol) was allowed to be 
completely dissolved in anhydrous toluene. After the complete solvation of the 
compounds, the reaction mixture was then heated to reflux. The desired phosphonium 
salt 64 was precipitated out in the solution as a white solid powder. The reaction time 
required was 20 h. The white phosphonium salt solid was then collected by suction 
filtration and air dried (34.2 g, 81%); !H-NMR (d^-DMSO) 3.50 (6 H，s，ArOCH3), 
5.06 (2 H，d, J = 15.0, ArC^P) , 6.11 (2 H, t, J = 2.2, AiH) 6.42 (1 H，d, J = 2.2，AiH), 
7.65 - 7.79 (12 H, m, PP;13), 7.89 - 7.94 (3 H，t, J: 1.6，PP/13); l^C-NMR (d^-DMSO) 
53.1, 98.2，106.9，107.0, 115.3，116.4，128.0，128.2, 132.0, 132.1, 133.1，158.4; MS (EI, 
m/z) 412 [(M - Br)+, 22%]. Anal. Calcd for C27H26O2BrP: C, 65.73; H, 5.31. Found: 
C, 65.46; H, 5.25. 
(E)-l-Ferrocenyl-2-(3,5-dimethoxyphenyl)ethene 66. The phosphonium salt 64 (34.2 g， 
69 mmol) was added into THF, followed by addition of sodium hydride (60% 
dispersion in mineral oil, 2.5 g, 63 mmol) into the suspension. After all the hydride was 
added, f e r r o c e n e f o r m a l d e h y d e 4 5 65 (13.6 g, 69 mmol) was added. The reaction mixture 
was allowed to stirred under nitrogen at 20 °C for 30 h. The reaction was monitored by 
thin layer chromatography until the aldehyde was completely reacted. The mixture was 
then filtered and concentrated on a rotary evaporator. Then the crude product was 
purified by flash chromatography on silica gel (hexane/EtOAc 二 50/1) afforded the 
ferrocenyl olefin 66 as a red oil (12.1 g, 50%); Rf 0.53 (hexane/EtOAc 10/1); lR-NMR 
51 
(CDCl3) 3.83 (6 H，s, ArOCH3), 4.10 - 4.12 (5 H, m，FcH), 4.28 (2 H, s, FcH), 4.46 (2 
H, s, ?cH), 6.36 (1 H，t,/=2.3, ArH), 6.58 (2 H, d,7=2.3, ArH), 6.65 (1 H, d ,7= 16.0 
HC=CH), 6.83 (1 H, d，J = 16.0, HC=CH); l^c-NMR (CDCl3) 55.3，67.2, 69.6’ 69.9， 
70.4，99.7，103.9，126.3, 127.4, 139.6，160.8; MS (El m/z) 348 (M+, 100%). Anal. 
Calcd for C20H20FeO2: C，68.98; H，5.79. Found: C, 68.99; H, 6.16. 
LFerrocenyl-2-{3,5-dimethoxyphenyl)ethane 67. A suspension of the ferrocenyl olefin 
66 (12.1 g，35 mmol) and 10% palladium on charcoal (2 g) in ethanol was stirred under 
hydrogen at 20 °C. The reaction progress was monitored by thin layer chromatography 
until ail starting material was reacted. The mixture was filtered through celite and filtrate 
was concentrated on a rotary evaporator. The crude product was filtered by flash 
chromatography on silica gel (hexane/EtOAc = 50/1) to afford the title compound 67 as 
an orange oil (11.3 g, 93%); Rf0.55 (hexane/EtOAc 10/1); lH-NMR (CDCl3) 2.60 -
2.64 (2 H, m, 0 ^ 0 ¾ ) , 2.73 - 2.76 (2 H, m，CH2CH2), 3.75 (6 H, s, ArOCH3), 4.02 -
4.09 (9 H，m, FcH), 6.30 (1 H，t, J= 3.0，ArH), 6.31 (2 H, d, J = 3.0，ArH)； l^C-NMR 
(CDCl3) 31.5, 37.8, 55.2，66.9，67.1，68.0，68.4’ 98,2，106.4，144.4, 160.6; MS (El m/z) 
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1. lH-NMR spectrum of 3-(3,5-dibenzyloxyphenoxy)propanol 36 59 
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3. lH-NMR spectrum of 5-(3-hydroxypropoxy)-1,3-resorcinol 32 61 
4. 13c-NMR spectrum of 5-(3-hydroxypropoxy)-1,3-resorcinol 32 62 
5. lH-NMR spectrum of 3-bromo-1 -(3,5-dimethylphenoxy)propane 37 63 
6. l3c-NMR spectrum of 3-bromo-l-(3,5-dimethylphenoxy)propane 37 64 
7. lH-NMR spectrum of [Gl]-O(CH2)3OH 38 65 
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9. lH-NMR spectrum of [Gl]-O(CH2)3Br 39 67 
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15. lH-NMR spectrum of [G3]-O(CH2)3OH 42 73 
16. l3c-NMR spectrum of [G3]-O(CH2)3OH 42 74 
17. lH-NMR spectrum of 75 
methyl 3,5-bis[3-(tetrahydropyranyloxy)propoxy]benzoate 58 
18. 13c-NMR spectrum of 76 
methyl 3,5-bis[3-(tetrahydropyranyloxy)propoxy]benzoate 58 
19. lH-NMR spectrum of ” 
3,5-bis[3-(tetrahydropyranyloxy)propoxy]benzyl alcohol 59 
20. 13c-NMR spectrum of ^^ 
3,5-bis[3-(tetrahydropyranyloxy)propoxy]benzyl alcohol 59 
21. lH-NMR spectrum of (^)-l-ferrocenyl-2-(3,5-dimethoxyphenyl)ethene 66 79 
22. 13c-NMR spectrum of {E)-1 -ferrocenyl-2-(3,5-dimethoxyphenyl)ethene 66 80 
23. lH-NMR spectrum of l-ferrocenyl-2-(3,5-dimethoxyphenyl)ethane 67 81 
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